Influences
of Food Science and Technology , Tokyo University of Fisheries, Konan, Minato, Tokyo 108, Japan (Received November 10, 1995) Seasonal variations in contents of glycogen and its metabolites in scallop adductor muscle and their influences on browning during cooking were studied. Glycogen content was lowest in January (0.49%) and highest in June (6.60%). Scallop adductor muscle is widely utilized as dried, smoked, or canned products. Extended browning of scal lop adductor muscle, which is frequently observed in the cooking process of these products, deteriorates taste and flavor as well as the appearances of the products. There fore, it is very important to clarify the cause of browning of cooked muscle and to establish the prevention methods. We reported that browning of cooked scallop adductor muscle occurred by Maillard reaction and the main com pounds responsible for this reaction in scallop adductor muscle were sugar phosphates, especially glucose-6-phos phate (GO),1) which amounted to 80% of sugar phos phates, and taurine and alanine as free amino acids.2) It is well known that glycogen content in shellfish is much higher than that of fish and that glycogen in shellfish such as scallop,3) oyster4) disk abalone,5) and short-neck clam6,7) shows definite seasonal variations.
Since sugar phosphates are produced from glycogen, it has a great pos sibility that glycogen seasonal variations in scallop adduc tor muscle affect the browning of cooked muscle. In this study were studied seasonal variations in contents of glyco gen and its metabolites in scallop adductor muscle and their influences on the browning of cooked muscle. Preparation of Extracts About 2.5 g of muscle was homogenized in 10 ml ice cold 6% perchloric acid and the suspension was cen trifuged at 10,000 rpm for 10 min. After neutralization with potassium hydroxide solution, the supernatant was made up to 25 ml with distilled water. This solution was subjected for the determination of ATP and its related compounds, glucose, glycogen, and sugar phosphates. Determination of NAD About 2.5 g of muscle was homogenized in 10 ml ice cold 6% perchloric acid and the suspension was cen trifuged at 10,000 rpm for 10 min. The supernatant was subjected to the determination of nicotinarnide adenine dinucleotide (NAD) by the method of Klingenberg," using alcoholdehydrogenase (E.C.1.1.1.1, Boehringer Mannheim Co.) on the basis of the increment in optical density of NADH at 340 nm. 
Determination of ATP and Its Related Compounds
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Results
Seasonal Variations in Contents of Glycogen and Its Metabolites of Scallop Adductor Muscle
Seasonal variations in content of glycogen in scallop ad ductor muscle are shown in Fig. 1 . Glycogen content ex hibited obvious seasonal variations, that is, it was the lowest in January (0.49%, SD 0.31) and February (0.59%, SD 0.21), increased gradually from March to May, and sharply increased and was highest in June (6.60% SD 1.16). Glycogen decreased but was still high in July (5.03%, SD 1.23) and August (3.66%, SD 0.90), and then gradually decreased through autumn. 
Influences of Seasonal Variations in Content of Glycogen on Browning of Cooked Scallop Adductor Muscle
Discussion
Glycogen content in scallop adductor muscle is high in summer and extremely low in winter, and this seasonal variation is similar to that in disk abalone,5) whose level is lowest in February (3.2%) and highest in July (over 6%), and in ascidian muscle,12) lowest in February (2.3%) and highest in August (9.0%). However, in the oyster muscle, glycogen content is lowest in summer and highest in win ter. Muscles of disk abalone,5) oyster,4) and short-neck clam7) showed remarkable glycogen decrease in the spawn ing season. So did scallop muscle, since the spawning sea son of scallop is spring. Webb et al.'s) ssstied the seasonal variations of contents of glycogen and fat in North Caroli na scallop muscle and did not find any definite variations, and they suggested that both inherent and environmental factors influenced glycogen deposition. Hiltz and Dyer") observed that contents of glycogen in the muscle of Cana dian sea scallop caught in Georges Bank were higher in June than in April, May and September, though Canadian sea scallop caught in another place did not show the same seasonal variations. jack meat. Nagayama and Kimura16) also reported that boil-shuking process of scallop increased G6P content in scallop adductor muscle. The glycolysis which progresses during storage and during cooking seems to influence the browning of cooked scallop adductor muscle. Yamanaka17) reported that the content of NAD influences the occurence of orange discoloration of canned skipjack meat. The content of NAD in scallop adductor muscle showed no definite seasonal variations, conse quently it did not influence the browning of cooked scal lop adductor muscle.
